Background: Trastuzumab-based therapy is a standard, targeted treatment for HER2-positive breast cancer in the adjuvant setting. However, patients do not benefit equally from it and the association between HER2 amplification level and patients' survival remains controversial. A systematic review and meta-analysis was conducted by incorporating all available evidence to evaluate the association between disease free survival (DFS) and HER2 amplification level.
INtrODUctION
The human epidermal growth factor receptor 2 (HER2) is a 185-kd glycoprotein with tyrosine kinase activity. HER2 protein overexpression or gene amplification (HER2 positivity) occurs in approximately 20% to 30% of newly diagnosed invasive breast cancers. HER2 positivity has been shown to confer an adverse prognosis [1] [2] [3] and serve as a predictor of clinical response to treatment with the humanized monoclonal antibody trastuzumab [4, 5] . Trastuzumab shows considerable clinical efficacy and extends the overall survival of certain patients with HER2-positive breast cancer [6] [7] [8] [9] [10] . However, heterogeneity exists within HER2-positive tumors, and the overall response rate to trastuzumab-containing therapies remains modestapproximately 26% when used as a single therapy and 40% to 60% when used in combination with systemic chemotherapy [8, 10, 11] .
Studies have been conducted to investigate the relationship between HER2 status and response to trastuzumab or clinical outcomes in HER2-positive breast cancer cohorts with trastuzumab-containing treatment. All related studies are summarized in Table 1 . All included participants were HER2-positive breast cancer patients who received trastuzumab-based therapy according to the standard dose regimen. HER2 status of primary tumor or serum was assessed at a minimum of one of three levels including DNA, RNA, and protein. mRNA expression positively correlated with response to trastuzumab [40] [41] [42] . There was a discrepancy at the protein level in the two studies, which used different scoring systems and found that the Hercept test scoring system may be not accurate enough to identify the correlation [40, 41] . In metastatic setting, seven out of eight studies at DNA and mRNA level showed there was a positive correlation between HER2 amplification or mRNA expression level and response to trastuzumab or survival [43] [44] [45] [46] [47] [48] [49] . The only study that did not reach the limit of statistical significance was an explorative study with a small sample size of 33 [50] . Quantitative assessments of the HER2 protein level were done in both primary surgical specimen and serum samples. Serial monitoring of HER2 protein in serum after the beginning of trastuzumab treatment revealed that the decreased extent of HER2 concentration value was positively correlated with response and survival [51] [52] [53] [54] . Expression level of HER2 protein or activated p-HER2 in tumor tissue was positively correlated with response and survival [43, 46, 47, [55] [56] [57] [58] . Tumors that expressed p95HER2, an amino terminally truncated HER2 receptor that lacks the extracellular trastuzumab-binding domain, were resistant to trastuzumab and have a shorter progression free survival (PFS) and overall survival (OS) [59, 60] . In other words, HER2 level seems to be a positive predictive and prognostic factor for HER2-positive breast cancer in neoadjuvant or metastatic setting. However, results from previous studies in adjuvant setting were controversial; three studies showed no correlation [61] [62] [63] , one showed parabolic correlation [64] , and one showed a negative correlation between HER2 amplification and clinical survival [65] . There was also no accordance for the relationship at the protein level, although different testing methods and scoring systems were used. These outcomes raised the question: Could HER2 amplification level assessed by FISH serve as a prognostic biomarker for clinical HER2 positive patients who receive standardized trastuzumab targeted therapy in an adjuvant setting? In this study, we performed a systematic review and meta-analysis by incorporating all available evidence to evaluate the DFS according to HER2 amplification level in patients with HER2-positive breast cancer. rEsULts study selection Figure 1 illustrates the flow diagram of candidate selection records in our study. The search retrieved 2,183 articles, of which 669 duplicates were identified. Of 1,514 remaining articles, 1,465 were excluded based on title and abstract reviewing and 49 references remained to achieve full text for further screening. Of these, full text was not available for five, 16 were not relevant, six were in the neoadjuvant or metastatic setting, one did not provide enough data, 11 assessed HER2 status with methods other than IHC or FISH, seven were reviews or comments or in other language, and only three satisfied inclusion criteria.
characteristics of included studies
The main characteristics of the included studies are displayed in Table 2 [66] [67] [68] . The studies were conducted all over the world, including Europe, America, Asia, and Africa. Two were retrospective cohort studies and the other was a prospective cohort within a large international randomized clinical trial. The trastuzumabbased therapy applied in different studies was single trastuzumab therapy or in combination with traditional chemotherapy (mainly paclitaxel). All the studies adopted the immunohistochemistry (IHC) or FISH method to assess the HER2 status. The number of patients stratified by HER2/CEP17 ratio or (and) HER2 GCN ranged from 59 to 1000. The follow-up period was long enough for the outcomes to occur. All the studies used DFS as the end point. The HER2 amplification was divided into high and low levels according to the original article and corresponding HRs for high to low HER2 amplification level are shown in Table 2 . None of these three studies gained a Newcastle-Ottawa Quality Assessment Scale (NOS) < 6, suggesting that all of them have high level of methodological quality in this meta-analysis.
HEr2 GcN and survival
As shown in Figure 2A , there was no heterogeneity among these studies (I 2 = 0%, P = 0.96). The fixed-effects model analysis showed that, the overall HR was 1.05 (95% CI: 0.80-1.36, p = 0.74), indicating that different HER2 GCN level had no prognostic value on the trastuzumabbased treatment outcomes in HER2-positive breast cancer patients.
HEr2/cEP17 ratio and survival
Two studies assessed the clinical benefit from trastuzumab-based adjuvant therapy upon different HER2/ CEP17 ratio. Without heterogeneity (I 2 = 0%, P = 0.58), a combined HR and its 95% CI were calculated with a fixed-effects model. The results did not show a statistically significant relationship between HER2/CEP17 ratio and survival (HR = 0.97, 95% CI: 0.73-1.29, p = 0.83) ( Figure 2B ) either.
Publication bias
No evidence of publication bias was indicated ( Figure 2C and Figure 2D ) in this study. However, because of the limited number of included studies, whether publication bias exists in the current meta-analysis is still difficult to confirm. www.impactjournals.com/oncotarget DIscUssION This is a systematic review and meta-analysis to evaluate the prognostic value of HER2 gene amplification level in HER2-positive breast cancer patients undergoing trastuzumab-based adjuvant therapy after radical surgery treatment. Three studies assessed HER2 GCN and two studies assessed HER2/CEP17 ratio. Results showed that neither HER2 GCN nor HER2/CEP17 ratio had an impact on prognosis in the adjuvant treatment stage for HER2-positive breast cancer. In other words, different HER2 amplification level does not associate with HER2-positive breast cancer prognosis in the adjuvant setting.
HER2 status is closely correlated with a therapeutic response to anti-HER2 treatment in neoadjuvant and metastatic settings. Previous studies showed higher HER2 amplification level was a favorable predictor for pathologic complete response (pCR) in a neoadjuvant setting [69] [70] [71] . In the metastatic setting, increasing values of HER2 amplification were associated with a significantly longer PFS or a significantly higher objective response rate (ORR) [72] . Therefore, it seemed consistent to regard a high level of HER2 amplification as a good predictive biomarker both for early HER2-positive breast cancer in the neoadjuvant treatment stage and HER2-positive MBC and as a prognostic biomarker for MBC. There were also other methodologies, including a quantitative measurement of HER2 protein by Vera Tag assay and assessment of HER2 mRNA by qPCR or RNAscope, that have been applied and evaluated for the predictive value [15-17, 21, 25, 28] . Those studies showed that higher HER2 protein and mRNA expression were significantly associated with higher pCR rate, higher response rate (RR), longer time to progression (TTP), longer PFS and OS in some trastuzumab-treated metastatic cohorts. However, the relationship between the level of HER2 amplification and efficacy of trastuzumab-based therapy in adjuvant treatment remains controversial. We performed this systematic review and meta-analysis to summarize the results of all the relevant studies. This is the first metaanalysis to summarize the prognostic value of HER2 amplification level for HER2 positive early breast cancer in an adjuvant treatment setting. Results showed that HER2 GCN and HER2/CEP17 ratio did not influence prognosis in patients treated with trastuzumab-containing adjuvant comprehensive treatment. The pCR rate in neoadjuvant cannot be translated to survival benefit. When a tumor metastasizes to distant organs, the biological behavior of metastasis differs from the primary lesion. Therefore, the prognostic value of HER2 amplification level in palliative treatment cannot be applied in adjuvant treatment directly.
Although HER2 positivity indicates worse prognosis for breast cancer [1] [2] [3] , the results of this metaanalysis indicated that further discriminating differences in HER2 amplification magnitude have insignificant prognostic value in adjuvant setting. It can be inferred that there might be a threshold effect that any degree of HER2 amplification above the cutoff value has similar clinical benefit from trastuzumab treatment. Surgeons and oncologists do not need to pay extra attention to patients' HER2 GCN and HER2/CEP17 ratio when already judged as amplification positive. Consequently, it highlights the importance to assess the HER2 positivity accurately to ensure the potential benefit.
However, significant heterogeneity exists among HER2-positive breast cancer patients as evidenced by the fact that some HER2-positive breast cancer patients exhibit de novo trastuzumab resistance, it is therefore necessary to identify the predictive markers. While mRNA and protein are downstream products of DNA and functionally related, it is reasonable to speculate that quantitative assessment of HER2 mRNA or protein may potentially identify the populations with different response and outcomes. So more studies especially prospective clinical trials concentrated on mRNA or protein level should be conducted in HER2-positive breast cancer population to identify these predictive markers.
This study was attempting to answer the question whether the amplification level of HER2 impacts patients' prognosis with HER2-positive breast cancer. Certain limitations existed and some results needed to be cautiously interpreted. First, we estimated the HR for DFS from Kaplan-Meier curves, which may have compromised the precision of the data. Second, the number of included studies and total sample size are relatively small, which might have impacted the validity of our analysis. The further elaboration is that the included three studies are the total data which are available to analyze and there do exist controversies between the conclusions retrieved from them. The other three studies listed in Table 1 were excluded because of lacking of full-text or analyzable data or being aimed at protein level. No heterogeneity and no evidence of publication bias was found. Third, cut-off values distinguishing high and low levels of HER2 amplification determined by FISH evaluation vary in studies and may have led to between-study heterogeneity.
MAtErIALs AND MEtHODs search strategy
This meta-analysis was reported according to the Preferred Reporting Items for Systematic Reviews and Meta-analysis (PRISMA) statement [73] . Two authors independently carried out the systematical search for relevant randomized clinical trials and cohort studies in Pubmed, Embase, Web of science and the CENTRAL published before Jun. 19, 2015 . Searches were limited to human studies in English, using combinations of the following search terms: "breast neoplasma", "breast cancer", "breast carcinoma", "mammary neoplasma", "mammary cancer", "mammary carcinoma", "genes, erbB-2", "HER2", "In Situ Hybridization, Fluorescence", "prognosis" and "treatment outcome". We also manually reviewed relevant references and reviews.
Inclusion and exclusion criteria
Studies meeting the following criteria were eligible for the meta-analysis: (1) clinical trials or cohorts with full text; (2) participants within the study were ensured HER2-positive breast cancer patients assessed by IHC or (and) FISH and received trastuzumab no less than 1 year of adjuvant trastuzumab treatment; (3) the level of HER2 amplification was divided into at least two stratums; (4) survival data stratified by HER2 amplification level was available. Studies that failed to fulfill the above inclusion criteria were excluded from this study.
Outcome definition and data extraction
The primary end point for this meta-analysis was DFS. DFS data was extracted in the form of hazard ratio (HR) with the corresponding 95% confidence interval (CI). All eligible publications were reviewed, and data extraction was done by two independent authors. The following information was extracted: (a) general information, including name of first author, year of publication, country (area) of origin, study type, age of the participants and follow-up period; (b) HER2 positive criterion, method to stratify HER2 amplification level and number of patients stratified by HER2 amplification; (c) treatment regiment and HRs for DFS with 95% confidence intervals.
Quality assessment
Two independent reviewers assessed the quality of each study with the NOS. A study with NOS > 5 was regarded as a high-quality study. Disparity was resolved by discussion or consultation.
statistical analysis
In this meta-analysis, HR and 95% CI were used to assess the association of HER2 amplification level and DFS in patients with HER2 positive breast cancer. We estimated the HR and its 95% CI with a previously validated method described by a previously published article [74] . When an article only had K-M curves, we used Engauge Digitizer, a digitizing program, that could translate curves into numbers to extract survival data from its curves, and then put the data into a spreadsheet, called Tierney table, by which the estimated HR and corresponding 95% CI were calculated immediately. We assessed heterogeneity across studies with the Cochran Q test and the I 2 statistic. An I 2 value less than 50% was regarded as evidence of low heterogeneity, for which the fixed-effects model was utilized to pool the results;. Potential publication bias was assessed by visual inspection of the funnel plots, in which the standard error of logHR of each study was plotted against its logHR. We did not conduct further statistical tests for funnel plot asymmetry because of the limited test power when fewer than 10 studies were included [75] . A p value < 0.05 considered significant for all tests. All analyses were conducted using the Review Manager (RevMan) (Version 5.3. Copenhagen: The Nordic Cochrane Centre, the Cochrane Collaboration, 2014).
cONcLUsIONs
The present meta-analysis indicates that different HER2 amplification level is not associated with trastuzumab-based therapy response and clinical survival. The HER2 amplification should be assessed accurately to ensure enough appropriate treatment for HER2-positive breast cancer.
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